Web content usage behavior: a case study of a university in Sub-Saharan Africa by Butakov, Sergey et al.
Association for Information Systems
AIS Electronic Library (AISeL)
AMCIS 2009 Proceedings Americas Conference on Information Systems(AMCIS)
2009
Web content usage behavior: a case study of a
university in Sub-Saharan Africa
Sergey Butakov
Solbridge International School of Business, butakov@solbridge.ac.kr
Augustine Odinma
ABTI - American University of Nigeria, Yola, aodinma@yahoo.com
Evgeny Grakhov
ABTI - American University of Nigeria, Yola, grakhov@gmail.com
Follow this and additional works at: http://aisel.aisnet.org/amcis2009
This material is brought to you by the Americas Conference on Information Systems (AMCIS) at AIS Electronic Library (AISeL). It has been accepted
for inclusion in AMCIS 2009 Proceedings by an authorized administrator of AIS Electronic Library (AISeL). For more information, please contact
elibrary@aisnet.org.
Recommended Citation
Butakov, Sergey; Odinma, Augustine; and Grakhov, Evgeny, "Web content usage behavior: a case study of a university in Sub-Saharan
Africa" (2009). AMCIS 2009 Proceedings. 796.
http://aisel.aisnet.org/amcis2009/796
Butakov et al.  Web content usage behavior: a case study of a University … 
Proceedings of the Fifteenth Americas Conference on Information Systems, San Francisco, California August 6th-9th 2009 1 
Web content usage behavior:  
a case study of a university in Sub-Saharan Africa 
Butakov, Sergey 
Solbridge International School of Business, 
Daejeon, South Korea 
 butakov@solbridge.ac.kr 
Odinma, Augustine 
American University of Nigeria, Yola, Nigeria 
aodinma@yahoo.com; aodinma@aun.edu.ng 
 
Grakhov, Evgeny 
American University of Nigeria, Yola, Nigeria 
grakhov@gmail.com 
 
ABSTRACT 
This study characterizes the behavior of students in one of the Sub-Saharan Africa universities with respect to usage of 
valuable, but expensive Internet resources in a developing economy. Traffic allocation to web domains was compared with 
known statistical distributions such as Zipf and Stretched exponential distributions. Observed results show that traffic 
allocation follows stretched exponential distribution and that students use only small fraction of traffic for actual education 
activities and the rest of the traffic is associated with video services and social networks. The cumulative results from male 
and female students’ hostels show gender differences in browsing habits.  More importantly, actual usage is at variance with 
the surveys conducted by OFCOM in UK and those conducted among students at the university, thus showing that usage 
patterns significantly differ from surveys result and between the users in advanced and developing economies.  
Keywords 
Web log mining, traffic classification, user behavior, Internet Usage. 
INTRODUCTION 
Every educational institution is trying to provide Internet connectivity for students and faculty members because the global 
network is a valuable and effective educational resource as well as the main tool for research collaboration (Da Silva, 2007). 
While in developed nations the Internet access is being taken for granted, it is an expensive resource in developing nations 
mainly because there is no public IT infrastructure available (Odinma, Butakov, Grakhov and Bollou, 2008). In Nigeria 
contracting with satellite ISP is the only way to get connectivity but satellite bandwidth is very expensive. Although it has 
been observed by Miniwatts Marketing Group that Nigeria is a country with the largest number of Internet users in Africa in 
2008, the broadband penetration in Nigeria was estimated as 0.0% of population.  
In this research we have studied the data from proxy server logs collected at the American University of Nigeria (AUN). 
AUN is a four-year higher education institution in Yola, Adamawa State, Nigeria. The university provides 24/7 wireless and 
wired network access across the campus and each student is equipped with a wireless-ready laptop. At the time of collecting 
the data for analysis the Internet bandwidth on campus was 4 Mbps down link and 1.5 Mbps uplink and the channel was 
shared for over 600 users. It could look as almost nothing for each single user but this was the reality the institution had to 
face and the university had to do its best to make sure that everybody could get the Internet access. 
The main purposes of this research are: (1) to study quantitative characteristics of traffic distribution; (2) to understand what 
undergraduates mainly use the Internet for; (3) to compare the patterns of Internet browsing from users in developing and 
developed countries; (4) to get the access behavioral pattern based on gender; and (5) to propose how access to valuable and 
useful Internet resources could be improved on campus. In the following sections we describe the results of our analysis. 
Furthermore we discuss gender differences in Internet usage behavior. Next, we fit the observed traffic to known statistical 
distributions such as Zipf and Stretched exponential distributions. Finally, in the conclusion we summarize the results and 
suggest possible extensions for the future research on this topic.  
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CONTENT CLASSIFICATION  
Researchers have been trying to understand the user behavior in the global network since the beginning of Internet 
phenomena. Web mining was introduced about a decade ago as a branch of data mining that deals with extraction of 
knowledge from different kind of logs available, ranging from web server logs to comprehensive user monitoring solutions 
(Facca & Lanzi, 2005). Our research concerns classification of Internet content browsed by students; it deals with content 
classification for end-users. In this research we have selected manual classification as the main method because it is a one-
time procedure aimed at capturing students’ browsing patterns from actual usage logs. It is important to mention that manual 
classification is obviously the most precise method that can give up to 100% of content recognition.  
Although there are many publications available on traffic monitoring and classification, most of them are not concerned 
about log-based content classification in educational institutions. One major study was done with the aim to check the 
relations between student in-class browsing patterns and grades (Grace-Martin & Gay, 2001). It shows that sometimes, in-
class wireless access could have negative influence on students’ performance, but sometimes if students use instant 
messaging programs in short sessions it could give positive result. Our study concentrates around students Internet activities 
in their free time. We analyze the traffic flow consumed by students’ hostel network segments. This avails us the possibility 
to understand what undergraduates are interested in; for example, do they spend time browsing educational or leisure web 
sites? Many studies on web content of Internet audiences carried out by marketing companies are usually published by 
OfCom (Ofcom 2007), a UK-based telecommunications regulator. These surveys are either questionnaire-based or employed 
some user tracking software/sites and are more concerned about the time that users spend browsing different contents rather 
than on traffic consumed by users. In this paper we use proxy server logs as the main source of information to understand 
actual users’ browsing patterns in the very limited bandwidth environment and this means that we focus more on traffic 
implications of student browsing behavior.  
While doing preliminary observations of HTTP traffic, interacting with students and gathering information from similar 
research we have selected 7 categories for web content classification. Entertainment category has 9 subcategories and it 
accounts for the majority of consumed traffic. The category has been further divided as shown in Table 1.   
Category / Subcategory Category (continued) 
Entertainment Email and Instant Messaging 
Sport Educational Resources 
Music Search Queries 
Video News 
Pictures Software Downloading 
Games Unrecognized 
Social Networks 
Adv. / User tracking 
Sexual Content 
Others 
 
Table 1. Categories for traffic classification 
 
It may be essential to add that such a large category as Internet shopping sites has been moved to Entertainment / 
Advertisement subcategory because local Internet shops barely exist in Nigeria and students do not use internationally 
accepted credit cards to shop on-line. 
Proxy server log records from AUN are used to accomplish this research. This archive covers 14 days from October, 7, 2007 
to October 22, 2007. Each log record contains information about access time, size of the resource, internal IP and URL. 
Internal IP address serves as a key to define the user location. Even though students can browse virtually from any place on 
the campus, in this research we observe the data from hostels because such a choice gives a clear picture of gender behavior 
on the Internet. The female and male hostels are located not close enough for wireless signals to overlap, thus in AUN case 
the separation on the internal IP is sufficient to distinguish female and male student surfers. Here we need to mention that the 
review was anonymous and the data linking internal IP with student name were not provided for the review. More details on 
the data sample are presented in the Table 2. 
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The top ten third level records for each of the hostels are presented in the Table 3. We have decided to use third level domain 
names for content classification because they contain more relevant information than the second level aggregation presented 
in the Table 4. For example, the second level domain, yahoo.com includes records that belong to mail.yahoo.com (requests to 
web mail) and www.yahoo.com (requests to the search engine). 
 
Data description  Female Hostel Male Hostel Total 
Number of requests # 6,583,879 4,894,969 11,478,848 
% 57.36% 42.64% 100.00% 
Number of unique 3rd level domain names 13,289 17,644 - 
Traffic MB 63,676 58,943 122,618 
% 51.93% 48.07% 100.00% 
Traffic excluded from classification  MB 5,621 5,468 11,089 
% 8.83% 9.28% 9.04% 
Number of 3rd level domain names 
covering 90% of traffic 
# 129 330 - 
% 0.97% 1.87% - 
Number of 3rd level domain names 
covering 99% of traffic 
# 2,440 4,060 - 
% 18.36% 23.01% - 
Table 2. Details of the data sample 
 
Female Male 
p-cache.veoh.com 19.07% p-cache.veoh.com 36.12% 
p.yimg.com 11.37% p.yimg.com 4.05% 
devace.net 4.02% download.gametrailers.com 1.89% 
pagead2.googlesyndication.com 3.75% ak.facebook.com 1.88% 
www.africabay.net 3.56% lax.youtube.com 1.58% 
down2.ambilvideo.com 2.72% chi.youtube.com 1.34% 
chi.youtube.com 2.65% www.facebook.com 1.19% 
ak.facebook.com 2.33% trailers.gametrailers.com 1.15% 
www.facebook.com 2.19% msnbc.msn.com 1.09% 
msnbc.msn.com 2.17% tracker.veoh.com 1.01% 
TOTAL 53.83% TOTAL 51.29% 
Table 3. Traffic by top ten unique third level domains 
 
First we applied the manual classification procedure discussed above to the logs from the female hostel. The list of third-level 
domain names consists of 13,289 records. It begins with p-cache.veoh.com domain with 19.07% of traffic associated with it 
and ends with some websites with zero traffic for the period (zero traffic basically means that the request was sent to the 
external resource but it was no reply on it). The total traffic for female hostel was 63,676 MB. From 13,289 records 
presenting domain names requested from female hostel we had to delete 1392 records carrying 8.83% of the traffic because 
they appear as global IP addresses but not the domain names. The processing of this data by performing backward lookups 
would require extra time and we have decided to put this requests into “Unrecognized” category. As it can be seen from 
Tables 3 and 4 the traffic is not distributed equally among all the domain names in the list: for female hostel less than 1% of 
top domain names cover 90% of traffic and about 18% cover 99%. The curve in the Figure 1 shows how the percentage of 
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classified traffic depends on the number of recognized domain names for both male and female hostels. As can be seen, to 
classify 90% of traffic for female hostel we need to process 129 domain names. The figure clearly indicates that to achieve 
high level of traffic classification we need to classify relatively small number of domain names. Moreover, the Figure also 
indicates that males tend to explore more sites because for the same traffic level as female there is more number of domain 
names. It was discovered that proxy cache hits is only about 1%, but the experiments and best industrial practices report this 
level to be higher (Menascé, 2003). To study this phenomena as well as traffic allocation among web sites we performed a 
detailed analysis of HTTP traffic distribution among web hosts from male hostel. 
 
Figure 1. Number of domains required to classify 90% of traffic. 
 
Female Male 
veoh.com 20.46% veoh.com 38.73% 
yimg.com 13.80% youtube.com 5.90% 
youtube.com 9.88% yimg.com 5.49% 
facebook.com 5.30% facebook.com 3.60% 
devace.net 4.02% gametrailers.com 3.10% 
googlesyndication.com 3.75% yahoo.com 2.11% 
africabay.net 3.56% msn.com 1.63% 
ambilvideo.com 3.14% esnips.com 1.15% 
msn.com 3.04% download.com 0.96% 
yahoo.com 2.94% metacafe.com 0.92% 
TOTAL 69.90% TOTAL 63.59% 
Table 4. Traffic by top ten unique second level domains 
TRAFFIC DISTRIBUTION FIT 
The non-uniform distribution of traffic among web resources is well studied by many researchers. Many studies indicate that 
traffic distribution follows Zipf distribution (Chesire, Wolman, Voelker, and Levy, 2001; Gill, Arlitt, Li, and Mahanti 2007; 
Menascé, 2003; Nielsen, 1997) with the following distribution function: 
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yi     (1)  
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where c is constant. Other recent studies show that media content traffic follows stretched exponential distribution (Guo, Tan, 
Chen, Xiaoand Zhang, 2008). The cumulative probability function for the last distribution can be written as (Guo et. al., 
2008): 
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where c and x0 are constants. The respective distribution function can be expressed as  
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where a=x0
c
 and b = y1
c
. Figure 2 clearly indicates that traffic allocation on ranked web sites does not follow Zipf distribution 
as the ranked traffic is not linear on log-log scale. But, on y
c
-log scale, our result fits the model distribution (3) with 
coefficient of determination R
2
 ≈ 0.96. It means that traffic allocation from male hostel follows stretched exponential 
distribution. Such distribution was described elsewhere (Guo et. al., 2008) for traffic workload on Video on Demand systems 
(VoD). This fact confirms that most HTTP traffic at AUN was generated by requests to VoD services such as veoh.com or 
youtube.com. Most streaming media VoD objects cannot be cached on proxy server and this explains the relatively low effect 
observed earlier of using proxy server to cache traffic at AUN. 
 
Figure 2. Traffic distribution on log-log and log-yc scale. 
 
The results of classifying 90% of traffic for both female and male hostels are presented in the Table 5. Relatively large 
Unrecognized category in this table consists of three parts: 1) pure IP addresses (the reason why we did not recognize them 
was mentioned earlier); 2) other sites (sites that form the rest of the traffic – 10%); and 3) sites that did not work at the time 
of survey (this part is very small). As it can be seen from the Table 5 the predominant category is Entertainment – it 
contributes more than 70% in both female and male hostel traffic consumption. Such a large category requires some extra 
study and in the Table 6 we provided more detailed view of this category for both hostels. It was easy to predict that the main 
traffic load in Entertainment category was given by VoD non-cacheable websites such as youtube.com or veoh.com. As it 
can be easily captured from comparing female and male web behavior the males are more active surfers. Even though 
females produced more web requests (6.5M+ vs. 4.9M+) male students explore more URLs (17,000+ vs. 13,000+) and the 
content they download is “heavier” – male download more video files (70% vs. 61% for females) and software (4.21% vs. 
1.88%). Females tend to click more on advertisement web sites and it looks like they spend more time on sites they visited 
(129 sites cover 90% of traffic vs. 300+ for males). Females are more active on social networks such as www.facebook.com 
or www.hi5.com (8.17% vs. 5.67%) while males explore more web sites with sexual content (0.49% vs. 3.38%). The sad 
news for educators is that for both categories only about 1% of traffic is generated by educational content. Of course more 
educational web sites can be located in the unrecognized category but we believe that manual recognition of 90% traffic 
clearly indicates the main trends in content distributions among major categories.   
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Category Female Hostel Male Hostel 
Email and Instant Messaging 4.21% 2.81% 
Educational Resources 1.15% 0.68% 
Entertainment 71.22% 70.66% 
News 2.50% 1.87% 
Software Downloading 1.88% 4.21% 
Search Queries 0.55% 0.72% 
Unrecognized 18.49% 19.06% 
Table 5. Content classification 
 
Other studies on university network workload (Chesire et. al,. 2001; Gill et.al., 2007) also show significant traffic from VoD 
services. AUN case is unique in terms of very limited shared bandwidth while universities in developed nations use 
bandwidth above 100Mbps. Based on other reports and our observations we may state that even significant (and expensive in 
the developing country) increase (2-3 times) of the bandwidth at AUN will not solve the problem of slow Internet access 
because the channel will be fully loaded by access to VoD services anyway. Such a limited bandwidth requires careful 
management to provide positive browsing experience for users at AUN. 
The results of content classification presented in the Table 5 require further discussion because they are very different from 
the results published by a major agency, such as OfCom. In year 2007 report (OfCom, 2007), the UK responders to a survey 
say that they use the Internet mostly for Email, General surfing, Making purchases, etc, placing the  Downloading of video 
clips/movies on the sixth place in this rating. Although the survey covers not only 18-25 aged undergraduate groups, but such 
a difference in priorities requires some explanation. In OfCom’s survey respondents highlighted the time they spend on 
different activities. And of course the broadband users do not care much about the amount of traffic associated with sites they 
browse. This study concentrates on traffic consumption because AUN has to use limited bandwidth and one of our purposes 
was to develop a set of recommendations to improve browsing experience for users at AUN. 
 
Sub-Category Female Hostel Male Hostel 
MB % MB % 
Sport 63.25  0.14% 592.89  1.44% 
Music 221.41  0.49% 600.46  1.46% 
Video 27,811.08  61.31% 28,942.30  70.14% 
Pictures 706.12  1.56% 759.14  1.84% 
Games 357.01  0.79% 2,089.34  5.06% 
Social Networks 3,705.92  8.17% 2,338.89  5.67% 
Adv. / User tracking 11,840.40  26.10% 4,547.14  11.02% 
Sexual Content 220.19  0.49% 1,395.62  3.38% 
Others 437.85  0.97% 387.54  0.94% 
Table 6. Detailed view of Entertainment category 
 
The provided classification gives us a clear picture of the traffic consumption but it does not completely characterize 
students’ browsing pattern. To compare objective measurements with students’ perception of browsing behavior we 
performed the paper-based anonymous survey asking students to categorize their preferences in Internet surfing. The students 
were asked to rank the time they spent browsing different categories of content. The questionnaire was completed by 84 out 
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of about 250 students who stayed at female and male hostels. In other words, the questionnaire examined more than 30% of 
randomly chosen students. The main results of the survey are represented on the Figure 3.  
 
Figure 3. On-line applications used by AUN students 
 
E-mail and IM were ranked highest by the students, followed by general surfing and downloading information for study and 
personal reasons. If we compare these results with the ones published by OfCom (OfCom, 2007) on the on-line applications 
used by broadband users we can see that they are very similar. But if we compare the survey results with objective 
measurements then the most controversial part is downloading information for study purposes. Students at AUN ranked it as 
the fifth while traffic analysis shows that only about one percent of traffic generated were for educational purposes. This can 
be explained only by the fact that educational resources used by students mostly come in the text form and thus they do not 
affect the traffic as much as VoD services. 
CONCLUSION 
There is a little known about Internet user behavior in the Sub-Saharan Africa. This study is based on the analysis of proxy 
server data and it shows how students at the American University of Nigeria use the Internet. We found out that rank 
distribution among visited web sites follows stretched exponential distribution. The most popular (by traffic) sites visited are 
of Entertainment/Video category: more than 60% and 70% from female and male hostels respectively. The results also show 
that male undergraduates are more active surfers browsing more websites while females tend to spend more times on 
particular web sites, especially social networks. Results clearly indicate that the main load for AUN Internet channel is 
generated by VoD sites. Keeping in mind that there is a limited bandwidth, the time or bandwidth restrictions for such 
resources are advisable as a solution for improving surfing experience within the university community. For example, only 
small portion of bandwidth should be allocated for such resources during office hours and it could be extended in the evening 
time and over the weekends. As a result of this work, policies have been applied accordingly. Search queries study would 
significantly enhanced our understanding of search behavior of students in a developing economy and this is currently been 
studied. 
The analysis of proxy server logs provides valuable and objective picture of users’ browsing patterns and it gives great 
opportunities for the future study. Results from this study were compared with those surveys carried out by OFCOM in UK 
and at AUN among students. We found that there are significant differences between the actual usage and survey results on 
the one hand and between users in advanced nation and those of developing nations on the other.  
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